INTRODUCTION
Surf zone regions of the Gulf of Mexico are important habitats for the juvenile stages of many fishes (Gunter 1958; Springer and Woodburn 1960; Naughton and Saloman 1978; McMichael and Ross 1980; Modde 1980; Modde and Ross 1981) . In general, young fishes occur in surf zones during the spring and summer, although fall and winter spawned species such as Lagodon rhomboides, Leiostomus xanthurus, Mugil cepha/us, or Brevoortia patronus may occupy them during winter and early spring (Modde and Ross 1981) . In addition to seasonal periodicity, fishes show diel utilization patterns of surf zones, with the greatest abundance occurring in the early morning (Modde and Ross 1981) . Thus, the surf zone, in addition to being a physical~ 'Present address: Department of Wildlife and Fisheries Sciences, South Dakota State University, Brookings, SD 57007. ly dynamic habitat, is characterized by a dynamic ichthyofauna in which different suites of species may be interacting daily and seasonally.
Trophic relationships of fishes in surf zone areas are largely unknown even though many species, such as pompano (Trachinotus carolinus), gulf kingfish (Menticirrhus littoralis), scaled sardine (Harengu/a jaguana), and mullet (Mugi/ spp.) are of commercial importance. Thus, the purpose of our study was to compare food habits and relationships of the numerically dominant spring-summer fishes of the Horn Island, Mississippi, surf zone. Species selected for analysis were: Anchoa /yolepis (dusky anchovy), A. hepsetus (striped anchovy), Harengu/a jaguana (scaled sardine), Trachinotus carolinus (Florida pompano), and (Menticirrhus littoralis (gulf kingfish).
METHODS AND MATERIALS
Sampling stations were in the surf zone habitat along the windward shore of Horn Island, Jackson County, Mississippi. Horn Island is one of a chain of barrier islands lying parallel to the Mississippi-Alabama Gulf coast (Fig. 1) . The island is approximately 14 km offshore, 19 km long and less than 1.2 km wide. The center of the island is at 30° 14" N and 88° 40' W (Franks 1970) . The windward beach is partially protected from oceanic wind driven waves by a series of sand bars which extend the length of the island. The exposed beach is characterized by a sand substrate, moderate wave activity, and the absence of any rooted vegetation. The four stations ( Fig. 1) were located within an environment categorized by Odum and Copeland (1974) as a high energy beach system.
Fishes were collected with a 9.1 x 1.8 m bag seine with 3.2 mm mesh. The net was hauled perpendicular to the beach face, beginning 16-18 m offshore. The sampled area was from the swash zone to the midlongshore trough and included only areas exposed directly to surf. Five to nine seine hauls were taken at each location between 0900 and 1500 CST (see also Modde and Ross 1981) .
Stomach contents of M. littoralis and H. jaguana were examined for May (N=45, 181), June (N=11, 85) and July (N = 37, 59). Stomach contents of T. carolinus were analyzed for May (N = 150) and June (N = 28), while stomachs of A. hepsetus were examined only for May (N = 127). Stomach contents of A. /yo/epis were studied in May (N =51) and September (N = 101). The September data were included due to better representation of fish within most time periods. The duration for which stomachs were collected for the different species was dependent upon the occurrence of fishes in the surf zone for the spring and summer of 1976.
Every month between MarchSeptember 1976 (excluding August) we sampled either Station 1, 3 or 4 over a 24 h period, taking samples at approximately 4 h intervals. The choice of station was based in part on the availability of a safe anchorage for our boat.
Immediately upon capture, fishes were placed in MS 222 to prevent regurgitation and then fixed in 10% Formalin. Stomach content analysis included identification, determination of volume and percent occurrence of prey items within the stomachs. The section of the alimentary tract examined was that anterior to the pyloric sphincter. We determined the volume of food organisms smaller than .05 cc by a squash technique modified from Hellawell and Abel (1971) by Ross (1974) , and the volume of larger food items by displacement.
Plots of cumulative taxa versus the number of stomachs examined indicated that sample sizes sufficient for description of prey kind were obtained for all length groups with the exception of the was the unweighted pair-group arithmetic average (UPGMA) (Sneath and Sokal 1973) . Fish lengths are given as standard length (SL).
RESULTS

Menticirrhus littoralis
Although sample size was low, a change in diet (based on % volume) occurred between length groups of M. littoralis ( Fig. 2) . Smaller fish (11 to 20 mm) fed predominantly on mysids, whereas the diet of larger individuals (21 to 40 mm) was dominated by polychaetes and pelecypod (Donax) siphons. In the few stomachs examined from fish exceeding 41 mm, Donax siphons continued as an important food item, with the mole crab, Emerita, and small fishes increasing in importance.
The three larger size groups showed significant correlations in percent occurrence of prey. Rank correlations between 21-30 mm and 31-40 mm fish (rs = . 83) and the 31-40 and 41-75 mm fish (r s = .70) were both significant (P < .05).
Cluster analysis based on prey similarity further supports the distinction between the 11-20 mm interval and the larger size intervals (Fig. 3) . The three larger size groups linked at 75% similari- ~ ty, while the smallest size group joined at the 40% level. Diel feeding activity was determined for fish ranging between 26 and 40 mm. The volume of stomach contents increased in the late afternoon and was greatest in pre-dawn hours, suggesting that feeding occurred during the afternoon and night (Fig. 4) . Feeding activity declined during late morning and early afternoon .
Harengula jaguana
The diet of all but the largest length group of H. jaguana was dominated volumetrically by calanoid copepods (Fig. 5) . Other pelagic food items regularly occurring were harpacticoid and cyclopoid copepods, pelecypod veligers and decapod zoea. Although the first five length intervals were similarwith respect to the volumetric dominance of calanoids in the diet, there were subtle changes in prey. (Fig. 3) . Harengula jaguana between 26-45 mm all linked at greater than 77% similarity. The smallest size interval was only loosely associated with the overall planktivore cluster. Major differences included the higher occurrence of nauplii and lower occurrence of zoea in the smaller fish. The largest size interval examined was significantly different from all other length groups except the 36 to 40 mm (r s = .60, P < .05) interval.
However, many of the largest fish were collected in July, whereas the greatest number of smaller fish were collected in May and June, thus differences in both length and time may be confounded.
Feeding activity patterns of H. jaguana changed from both nocturnal and diurnal activity in smaller fish to strictly nocturnal or crepuscular in larger fish (Fig. 6 ). There were two peaks in feeding activity by fish 21 to 35 mm, the first between 0300 and 0600 h CST and the second between 1200 and 1500 h CST. Fish between 36 and 45 mm fed more during the nocturnal or crepuscular hours, although there was a secondary peak during midday. Larger fish (46 to 55 mm) exhibited only nocturnal or crepuscular feeding as stomach content volume declined steadily after sunrise. The greatest number of sand grains appeared in stomachs of fish during the day coincident with the period of active diurnal feeding among smaller fish.
Trachinotus caro/inus
Juvenile T. carolinus fed primarily on calanoid copepods (Fig. 7) . In addition to utilizing a pelagic food source, young pompano also fed on benthic organisms such as polychaetes and the mole crab, Emerita. Calanoid copepods were less important to fish over 30 mm and did not occur in the few fish examined over 41 mm. In fish 31 to 40 mm polychaetes and Donax siphons comprised a major portion of the ration in addition to copepods. In the few stomachs examined from fish longer than 41 mm, small shrimp were most abundant. In addition, small fish and Emerita were also present in the diet of the larger fish. The dietary shift between the smaller(< 21 mm) and larger(> 40 mm) fish is reflected in the rank correlation analysis of percent occurrence of prey and the cluster analysis (Fig. 3) . Only the intermediate size intervals (21-30 and 31-40) were significantly correlated (r s = .91, P < .05), and these linked at 100% similarity based on the presence/absence of prey. The smallest and largest size intervals showed low similarity to all other groups.
Foraging activity of juvenile pompano was primarily diurnal. Stomach volume rose in the late morning and peaked in the early afternoon (Fig. 8) . Very few sand grains were present in the alimentary tract. Although mean stomach volume was much higher in fish between 26 and 35 mm, than 11 and 25 mm, the patterns were similar. Length intervals for comparison were selected by volume similarity as determined by Duncan's multiple range test.
Although both H. jaguana and smaller T. carolinus fed predominantly upon calanoid copepods, the latter consumed much larger individuals (Fig. 9) calanoid copepods and mysids ( Fig. 10 (Fig. 3) . All intervals linked at greater than 82% similarity. Anchoa hepsetus fed primarily during early to mid-morning (Fig. 11) . Stomachs from fish collected between 0300 and 0600 were dominated by calanoid copepods. Fish captured during the late morning exhibited a high but variable quantity of food items, consisting primarily of mysids.
Anchoa /yo/epis
Anchoa /yolepis used in stomach analysis were obtained in both May and September 1976. May fish were juveniles ranging between 31 and 45 mm. Only seven individuals during this month were collected outside the 0900 to 1200 h CST interval and digested organic matter and large numbers of unicellular diatoms were characteristic of the stomachs. Those fish collected in September had a somewhat greater length range and were captured during most tirne intervals. The majority of identifiable prey items were recovered from stomachs of fish collected in September.
Fish between 26 and 30 mm fed primarily on mysids (Fig. 12) (Fig. 3 ) also indicates the high diet similarity of A. /yo/epis over 30 mm. Major prey of fish between 31 and 45 rnm were mysids. Zoea also made up a significant portion of the ration while calanoid copepods never comprised over 8.0% of the volume of any length group. Feeding activity of Anchoa /yo/epis was exclusively nocturnal. The greatest food volume was between 0000 and 0300 h ( Fig. 13) and ration volume decreased rapidly with the onset of daylight. Feeding activity resumed in the evening.
DISCUSSION
The numerically dominant springsummer fishes of the Horn Island surf zone are primarily planktivores, with Harengu/a jaguana, Anchoa hepsetus, and A. /yo/epis utilizing calanoid copepods, mysids, and various decapod larvae. Juvenile Trachinotus carolinus (< 40 mm) and the smallest size group of Menticirrhus littora/is (11-20 mm) also were planktivores, feeding on calanoid copepods and mysids, respectively. Thus, only M. littoral is larger than 20 mm, and to a lesser extent T. carolinus, fed on benthic prey. McFarland ('1963) also found that the most abundant fishes from the Mustang Island, Texas, surf zone were planktivores. Planktivorous fishes were numerically important surf zone inhabitants on a northern Florida beach and a mid-Florida Gulf beach (Springer and Woodburn 1960) as well.
Menticirrhus littoralis, the numerically dominant benthic predator on Horn Island, filled the same role on Mustang Island, Texas (McFarland 1963). In both cases the primary prey was the pelecypod Donax. Saloman and Naughton (1978) Donax. Leber (1982) also found that Emerita and Donax composed 98% of the macroinvertebrates on a North Carolina surf zone. Armitage and Alevizon (1980) found that juvenile pompano from a Florida surf zone consumed primarily Donax and Emerita, Bellinger and Avault (1971) reported that polychaetes, bivalves, amphipods and penaeid shrimp were important food items for juvenile pompano in Louisiana, while Finucane (1969) reported amphipods, dipterans and whole Donax from juvenile pompano in Florida. In contrast, our study indicates a greater use of calanoid copepods, and bivalve (primarily Donax) siphon tips, rather than the whole animal. While Armitage and Alevizon (1980) found that whole Donax were calorically less desirable than Emerita, it seems that Donax siphon tips would provide a higher energy yield per unit weight.
Harengu/a jaguana from the Horn Island surf zone utilized calanoid copepods to a much greater extend than reported for the same size classes by Carr and Adams (1973) . Carr and Adams found that small H. pensacolae ( = (cf. Fig. 13 ) when its density in the surf zone was low. If we assume that feeding periodicity of fish from within the surf zone (where we took all our samples) parallels the feeding pattern offshore, then it follows that most of the A. /yo/epis population feeds outside of the surf zone area. Anchoa /yo/epis may concentrate in the shallow surf zone after its nocturnal feeding bout, perhaps as a predator avoidance response.
In contrast, high densities of H. jaguana in the surf zone largely coincided with peak feeding (cf. Fig. 6 ). Thus, if the above assumption holds, the surf zone represents an important feeding area for this species.
Peak abundance of A. hepsetus in the surf zone was 0600 -0900 h CST. Feeding activity (cf. Fig. 11 ) was highest at the same time, so that the surf zone may also be an important foraging area for this species.
Trachinotus carolinus and M. /ittoralis tended to be more abundant in diurnal surf zone samples (Modde and Ross 1981) . Feeding activity of Trachinotus was greatest in mid-morning to afternoon, while M.littoralis fed in the late afternoon and night. The surf zone likely provides an important feeding area for these species, although M. littoralis may tend to feed further offshore after dark.
Foraging patterns within length groups of H. jaguana changed ontogenetically. Small juveniles fed both diurnally and nocturnally, but switched to primarily nocturnal activity with increased length. Starck and Davis (1966) found that adult H. jaguana fed nocturnally. Because most larval fishes are diurnal feeders (Braum 1967) , particularly clupeoids (Biaxter 1965; 1966; Arthur 1976 ), it seems that juvenile H. jaguana first reaching the surf zone habitat may be undergoing a transition in foraging behavior from diurnal to nocturnal activity. A shift in temporal feeding activity with age has been reported for other fishes in both marine and freshwater habitats (Hobson 1968; Hobson and Chess 1976; Helfman 1978; Hobson eta/. 1981) . In species with ontogenetic shifts in foraging, Hobson et a/. 1981) found that small diurnal predators of zooplankton generally changed with age to nocturnal feeding on larger prey. Manteifel eta/. (1978) documented a shift from diurnal feeding of C/upea harengus larvae to nocturnal feeding of adults. They suggested that predation pressure may be important in this shift. Helfman (1978) also concluded that ontogenetic shifts in foraging may be due to avoidance of intraspecific competition or differential predation pressure on age groups of fish. If larger zooplankton are more abundant at night (as demonstrated by Hobson and Chess 1976 in the eastern Pacific), then the day -night ontogenetic shift in H. jaguana may be mediated in part by the increased foraging efficiency gained by utilizing the nocturnally available larger prey.
In summary, the surf zone of Horn Island, Mississippi provides trophic and spatial resources to certain juvenile fishes. Our data suggest that M. littoralis and T. carolinus utilized this habitat as a nursery in exploiting both resources. Anchoa hepsetus and H. jaguana also utilized both resources, while A. /yo/epis, the most abundant species collected by Modde and Ross (1981) perhaps used the area primarily as a refuge and not as a feeding area.
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